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Abstract
C9H5ClN4, monoclinic, P21/c (no. 14), a= 8.1178(4) Å,
b= 7.2367(4) Å, c= 15.2585(8) Å, β= 101.506(2)°,
V = 878.36(8) Å3, Z = 4, Rgt(F)=0.0466, wRref(F2)=0.1170,
T = 100 K.
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Table 1: Data collection and handling.

Crystal: Colourless, block,
size 0.158�0.368�0.415 mm

Wavelength: Mo Kα radiation (0.71073 Å)
µ: 3.93 cm�1

Di�ractometer, scan mode: Bruker APEX-II, φ and ω scans
2θmax: 55°
N(hkl)measured, N(hkl)unique: 7339, 2002
N(param)re�ned: 135
Programs: SHELX [11], Bruker programs [12]

Table 2: Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (Å2).

Atom Site x y z Uiso

H(4A) 4e 0.6846 0.8470 0.5411 0.018
H(5A) 4e 0.8671 0.8971 0.4445 0.016
H(6A) 4e 0.2139 0.5444 0.4288 0.013
H(3A) 4e 0.415(3) 0.718(3) 0.487(2) 0.015(6)
H(1N2) 4e 0.277(4) 0.577(4) 0.264(2) 0.025(7)

Tables 1–3 contain details of the measurement method and a
list of the atoms including atomic coordinates and displace-
ment parameters.

Source of material
Method A: a mixture of 3-amino-2-chloropyridine
(1.28 g, 0.01 mol), malononitrile (0.66 g, 0.01 mol), triethy-
lorthoformate (1.48 g, 0.01 mol), and methanol (30 mL)
containing acetic acid (1mL)was re�uxed for 8 h, the reaction
mixture was �ltered, the �ltered solid was crystallized from
ethanol. Method B: a mixture of 3-amino-2-chloropyridine
(1.28 g, 0.01 mol) and 2-(ethoxymethylene)malononitrile
(1.22 g, 0.01 mole) in methanol (20 mL) containing acetic
acid (1 mL) was re�uxed for 12 h, the reaction mixture was
�ltered o�, the �ltered solid was crystallized from ethanol
to give: Yield: 89%, m.p.= 193.4°C; IR: cm�1: 3215 (NH),
3079 (CH arom.), 2975, 2864 (CH aliph.), 2218 (CN), 1614
(C=N), 759 (C—Cl) 1H—NMR (DMSO-d6, ppm): 7.2, 8.0 [m,
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Table 3: Fractional coordinates and atomic displacement parameters (Å2).

Atom Site x y z U11 U22 U33 U12 U13 U23

Cl(1) 4e 0.51976(6) 0.67648(7) 0.19164(3) 0.0131(3) 0.0206(3) 0.0080(2) �0.0055(2) 0.0043(2) �0.0017(2)
N(1) 4e 0.7187(2) 0.8003(2) 0.3346(1) 0.0069(8) 0.0141(8) 0.0120(8) 0.0005(6) 0.0020(7) 0.0009(7)
N(2) 4e 0.2987(2) 0.6011(2) 0.3197(1) 0.0078(8) 0.0140(8) 0.0092(8) �0.0015(7) 0.0034(7) �0.0021(7)
N(3) 4e �0.1660(2) 0.3525(3) 0.4286(1) 0.0164(9) 0.031(1) 0.0175(9) �0.0093(8) 0.0069(8) �0.0028(8)
N(4) 4e �0.0895(2) 0.4870(3) 0.1578(1) 0.0103(9) 0.025(1) 0.020(1) 0.0014(8) 0.0014(7) 0.0023(8)
C(1) 4e 0.5709(2) 0.7225(3) 0.3058(1) 0.0066(9) 0.0098(9) 0.0090(9) 0.0015(7) 0.0028(7) 0.0012(7)
C(2) 4e 0.4524(2) 0.6831(3) 0.3583(1) 0.0063(9) 0.0101(9) 0.0107(9) �0.0004(7) 0.0034(7) �0.0003(7)
C(3) 4e 0.4957(3) 0.7335(3) 0.4483(1) 0.013(1) 0.018(1) 0.0100(9) �0.0024(8) 0.0056(8) �0.0010(8)
C(4) 4e 0.6522(3) 0.8134(3) 0.4799(1) 0.014(1) 0.021(1) 0.0088(9) �0.0024(9) 0.0013(8) �0.0015(8)
C(5) 4e 0.7601(3) 0.8438(3) 0.4220(1) 0.0093(9) 0.018(1) 0.012(1) �0.0025(8) �0.0003(8) 0.0006(8)
C(6) 4e 0.1844(2) 0.5410(3) 0.3654(1) 0.0093(9) 0.0115(9) 0.0120(9) 0.0009(8) 0.0041(7) 0.0009(7)
C(7) 4e 0.0287(3) 0.4752(3) 0.3278(1) 0.0092(9) 0.0123(9) 0.015(1) 0.0002(8) 0.0046(8) 0.0002(8)
C(8) 4e �0.0788(3) 0.4075(3) 0.3837(1) 0.0099(9) 0.018(1) 0.014(1) �0.0019(8) 0.0023(8) �0.0030(8)
C(9) 4e �0.0362(2) 0.4800(3) 0.2333(1) 0.0047(9) 0.013(1) 0.019(1) �0.0008(7) 0.0034(8) 0.0007(8)

3H, Ar—H], 8.1 [s, 1H, CH, D2O-exchangeable], 10.9 [s, 1H, NH,
D2O-exchangeable]. 13C—NMR (DMSO-d6, ppm): 55.6, 113.7(2),
122.1, 124.8, 136.7, 140.3, 146.9, 160.4. Anal. Calcd. for C9H5ClN4

(204.62, %): C, 52.83; H, 2.46; N, 27.38. Found (%): C, 52.48; H,
2.13; N, 27.71.

Experimental details
The hydrogen atoms H4A, H5A and H6A were idealized and
re�ned using a riding model (AFIX 43 option of the SHELX
program [11]).

Discussion
Pyridine derivatives were shown antibacterial [1], antimalar-
ial [2], anticonvulsant [3], and cytotoxic agents [4–6]. These
�ndings led us to continue our work on the synthesis of
biologically active compounds [7–10]. The aim of this work
was to, synthesize the corresponding compound having a
biologically active methylenemalononitrile moiety. The crys-
tal structure of target compound contains one molecule in
the asymmetric unit. There is one intramolecular N—H· · · Cl
hydrogen bond (�gure). The crystal structure is stabilized by
three intermolecular hydrogen bonds, of which N1, N3 and
N4 work as hydrogen bond acceptors and N2, C6 and C4
work as hydrogen bond donors. The distance of the interac-
tions between N2—H1N2· · · N1i is 2.51(3) Å, C4—H4A· · · N4ii is
2.58 ÅandC6—H6A· · · N3iii is 2.4 Åand theangles are 138(3)°,
145° and 151°, respectively. Symmetry codes: (i) �x+1, y�1/2,
�z+1/2; (ii) x+1, �y+3/2, z+1/2; (iii) �x, �y+1, �z+1.

Acknowledgements: The authors would like to extend their
sincere appreciation to the Deanship of Scienti�c Research at
King Saud University for funding of this research through the

Research Group Project no. RGP-VPP-302. The authors thank
the responsible editor for supplying the �gure.

References

1. Navin, B. P.; Suresh, N. A.; Faiyazalam, M. S.: Synthesis and
antimicrobial activity of new pyridine derivatives-I. Med. Chem.
Res. 20 (2011) 1033–1041.

2. Xue, J.; Diao, J.; Cai, G.; Deng, L.; Zheng, B.; Yao, Y.; Song, Y.:
Antimalarial and structural studies of pyridine-containing
inhibitors of 1-deoxyxylulose-5-phosphate reductoisomerase.
ACS Med. Chem. Lett. 4 (2013) 278–282.

3. Kaminski, K.; Obniska, J.; Zagorska, A.; Maciag, D.: Synthesis,
physicochemical and anticonvulsant properties of new N-
(pyridine-2-yl) derivatives of 2-azaspiro[4.4]nonane and
[4.5]decane-1,3-dione. Part II. Arch. Pharm. 339 (2006)
255–261.

4. Liu, M. C.; Lin, T. S.; Sartorelli, A. C.: Synthesis and antitumor
activity of amino derivatives of pyridine-2-carboxaldehyde
thiosemicarbazone. J. Med. Chem. 35 (1992) 3672–3677.

5. Audrey, E., Evans, T., Nathan, O. K.: Pyridine nucleotide
transhydrogenase in normal human and leukemic leukocytes.
J. Clin. Inves. 45 (1966) 1268–1272.

6. Byeong-Seon, J.; Hoyoung, C.; Young-Shin, K.; Eung-Seok, L.:
Synthesis of 2,4,6-tripyridyl pyridines, and evaluation of
their antitumor cytotoxicity, topoisomerase I and II inhibitory
activity, and structure-activity relationship. Bull. Korean Chem.
Soc. 32 (2011) 3566–3570.

7. Ghorab, M. M.; Ragab, F. A.; Heiba, H. I.; Nissan, Y. M.;
Ghorab, W. M: Novel brominated quinoline and pyrimidoquino-
line derivatives as potential cytotoxic agents with synergistic
e�ects of γ-radiation. Arch. Pharm. Res. 35 (2012) 1335–1346.

8. Ghorab, M. M.; Alsaid, M. S.; Nissan, Y. M: Dapson in
heterocyclic chemistry, part V: synthesis, molecular docking
and anticancer activity of some novel sulfonylbiscompounds
carrying biologically active dihydropyridine, dihydroiso-
quinoline, 1,3-dithiolan, 1,3-dithian, acrylamide, pyrazole,



Ghorab et al.: C9H5ClN4 | 713

pyrazolopyrimidine and benzochromenemoieties. Chem.
Pharm. Bull. 60 (2012) 1019–1028.

9. Ghorab, M. M.; Ceruso, M.; Alsaid, M. S.; Nissan, Y. M.;
Arafa, R. K.; Supuran, C. T.: Novel sulfonamides bearing
pyrrole and pyrrolopyrimidine moieties as carbonic anhydrase
inhibitors: synthesis, cytotoxic activity and molecular
modeling. Eur. J. Med. Chem. 87 (2014) 186–196.

10. Ghorab, M. M., Ceruso, M., Alsaid, M. S., Nissan, Y. M.,
Supuran, C. T.: Carbonic anhydrase inhibitors:synthesis,

molecular docking, cytotoxic and inhibition of the human
carbonic anhydrase isoforms I, II, IX, XII with novel benzene-
sulfonamides incorporating pyrrole, pyrrolopyrimidine and
fused pyrrolopyrimidine moieties. Biooorg. Med. Chem. 22
(2014) 3684–3695.

11. Sheldrick, G. M.: A short history of SHELX. Acta Crystallogr.
A64 (2008) 112–122.

12. Bruker: APEX2, SAINT and SADABS. Bruker AXS Inc., Madison,
Wisconsin, USA, 2009.


	Crystal structure of 2-((2-chloropyridin-3-ylamino)methylene)malononitrile, C9H5ClN4



